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STATUS OF PACIFIC MACKEREL SPAWNING 
POPULATION, 1976 
RECOMMENDATIONS 
Th i s  r e p o r t  is i n  response t o  l e g i s l a t i o n  r e q u i r i n g  t h a t  the 
C a l i f o r n i a  Department of F i s h  and Game a s s e s s  t h e  s t a t u s  of t h e  spawning 
popula t ion  of P a c i f i c  mackerel,  Scomber japonicus, n o r t h  of Punta Eugenia, 
Baja  C a l i f o r n i a ,  on an  annual  b a s i s .  The C a l i f o r n i a  L e g i s l a t u r e  expressed 
i t s  i n t e n t  t h a t  t h e  P a c i f i c  mackerel r e sou rce  be enhanced and t h a t  a  
moratorium on t h e  commercial t a k e  of t h i s  s p e c i e s  remain i n  e f f e c t  u n t i l  
t h e  spawning popula t ion  has reached 10,000 s h o r t  t o n s ,  
The C a l i f o r n i a  Department of  F i s h  and G a m e  has  determined t h a t  t h e  
spawning popula t ion  of P a c i f i c  mackerel i s  below t h e  10,000 tons  needed t o  
open a  f i s h e r y .  Although a  succes s fu l  spawn dur ing  1974 has  increased  t h e  
t o t a l  biomass l e v e l ,  t h e  a d d i t i v e  e f f e c t  of t h i s  year  c l a s s  (1974) on t h e  
spawning biomass i s  much l e s s  (only 77% of P a c i f i c  mackerel a r e  mature o r  
maturing a t  2  y e a r s  of age) .  We recommend t h a t  no c o m e r c i a 1  f i s h e r y  be  
i n i t i a t e d  i n  1976 and t h a t  r e s t r i c t i o n s  concerning i n c i d e n t a l  ca t ches  
remain i n  fo rce .  
INTRODUCTION 
For a span of 5 decades,  dur ing  t h e  twen t i e th  cen tu ry ,  P a c i f i c  mackerel 
have supported one of C a l i f o r n i a ' s  more important  commercial f i s h e r i e s .  
Blunt and P a r r i s h  (1969) sumnarized t h e  landings  from 1926 t o  1968 and 
reviewed t h e  b i o l o g i c a l  knowledge, r e s e a r c h  f i n d i n g s ,  and management e f f o r t s  
dur ing  t h a t  pe r iod .  B r i e f l y ,  t h e  cannery f i s h e r y  began i n  t h e  mid-1920's. 
Landings increased  r a p i d l y  and peaked i n  1935 when 73,000 tons  were pro- 
cessed.  This  w a s  followed by a  s t eady  d e c l i n e  i n  t h e  c a t c h ,  which dipped 
t o  3,750 tons  i n  1953. During t h e  next  11 yea r s  l and ings  averaged 17,000 
tons  pe r  year .  A f t e r  1964 t h e  f i s h e r y  experienced a r a p i d  d e c l i n e  u n t i l ,  
f o r  a l l  p r a c t i c a l  purposes,  it ceased t o  exist a t  t h e  beginning of t h i s  
decade. A t  t h i s  time (1970) t h e  C a l i f o r n i a  L e g i s l a t u r e  passed a b i l l  es- 
t a b l i s h i n g  a moratorium on t h e  commercial f i s h i n g  of P a c i f i c  mackerel ,  
l i m i t i n g  ca tches  t o  only  i n c i d e n t a l l y  caught f i s h .  I n  1972 t h i s  l e g i s l a t i o n  
was renewed and included inanagement p rov i s ions  f o r  t h e  opening of t h e  
f i s h e r y  when t h e  spawning biomass reached 10,000 tons  (Sec. 8388, 8388.3, 
8388.5 and 8387 of t h e  F i s h  and Game Code-Addendum 1.). Thi s  l e g i s l a t i o n  
mandates t h e  C a l i f o r n i a  Department of F i s h  and Game t o  e s t i m a t e  annual ly  
t h e  s i z e  of t h e  P a c i f i c  mackerel spawning popula t ion .  
POPULATION ESTIUTES 
The absence of a commercial f i s h e r y  has  rendered most c l a s s i c a l  
methods of s t o c k  assessment f o r  p e l a g i c  school ing  s p e c i e s  u s e l e s s .  Speci- 
f i c a l l y ,  t h e s e  methods r e q u i r e  comprehensive sampling o v e r  a number of y e a r s  
t o  provide  such informat ion  a s  c a t c h  per  u n i t  of e f f o r t  (CPUE), age compo- 
s i t i o n ,  m o r t a l i t y  r a t e s ,  r ec ru i tmen t ,  e t c .  A t  t h e  p re sen t  low popu la t ion  
l e v e l ,  w i t h  t h e  moratorium i n  e f f e c t ,  on ly  spo rad ic  commercial sampling 
occurs  when P a c i f i c  mackerel a r e  landed i n c i d e n t a l l y  w i th  j a c k  mackerel ,  
~rachurus symmetricus. However, t h e  d a t a  base  developed on P a c i f i c  mackerel 
i n  1975 i s  g r e a t l y  i nc reased  over  r e c e n t  y e a r s  because of i nc reased  e f f o r t  
by t h e  Department i n  monitor ing bo th  commercial and s p o r t  f i s h e r i e s .  
Sampling of commercially landed P a c i f i c  mackerel i nc reased  25% over  1974. 
Th i s  sampling provides  l e n g t h  frequency (F igure  1)  and age  composi t ion d a t a  
(Addendum 2 ) .  Monitoring of mackerel l and ings  i s  a l s o  designed t o  provide  
d a t a  on frequency of occurrence of mixed l o a d s  and e s t i m a t e s  of tonnage 
landed.  I n  a d d i t i o n ,  t h e  Department of F i s h  and Game i n i t i a t e d  two pro- 
j e c t s  i n  1975 which a r e  provid ing  new d a t a  on t h e  sou the rn  C a l i f o r n i a  
s p o r t  f i s h e r y .  The Southern C a l i f o r n i a  Independent S p o r t f i s h  P r o j e c t  is 
provid ing  an  e s t i m a t e  of numbers of ' P a c i f i c  mackerel caught o f f  p r i v a t e  
b o a t s  launched from ramps and h o i s t s .  Es t ima te s  of t h e  number of f i s h  
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FIGURE 1. c u r n u l a t h e  l e n g t h  f r e q u e n c y  of P a c i f i c  mackerel sampled 
f rom p a r t y b o a t s  ( c l e a r )  and c o m e r c i a l  l a n d i n g s  (da rk)  
d u r i n g  1975. 
? 
caught o f f  pa r tyboa t s  come from pa r tyboa t  l o g s  which have been mandatory 
s i n c e  1947 ( ~ i g u r e  2 ) .  A l l  of t h e s e  d a t a  a r e  p e r t i n e n t  t o  a s s e s s i n g  t h e  
P a c i f i c  mackerel spawning. 
Previous techniques  used t o  e s t i m a t e  spawning biomass inc lude :  (1) t h e  
Murphy method (Pa r r i sh  1974; P a r r i s h ,  manuscript)  which provided e s t i m a t e s  
from 1931 t o  1908 when a commercial f i s h e r y  e x i s t e d ,  (2) h i s t o r i c a l  re-  
g re s s ion  methods (Frey and Knaggs 1973; Knaggs 1974; Knaggs and Sunada 
1975), and (3)  t a g  and recovery methods (Frey and Knaggs 1973; Knaggs 
1974; Knaggs and Sunada 1975).  This r e p o r t  concerns i t s e l f  w i t h  t h e  l a s t  
method and, i n  a d d i t i o n ,  i nc ludes  a n  assessment which assumes t h a t  a n  ob- 
s e rvab le  and measurable r e l a t i o n s h i p  e x i s t s  between j a c k  mackerel and 
P a c i f i c  mackerel popula t ions .  The Murphy method cannot be  used c u r r e n t l y  
as it r e q u i r e s  t h a t  a s e r i e s  of y e a r s  of age composition d a t a  be  a v a i l a b l e .  
The r e g r e s s i o n  methods have proven t o  be u n r e l i a b l e  i n  e s t ima t ing  spawning 
biomass a t  t h e  low l e v e l s  exh ib i t ed  by t h e  s t o c k  i n  r e c e n t  years .  
TAG AND RECOVERY DATA 
Severa l  approaches (Schnabel 1938; Schumacher and Eschmeyer 1943; and 
Chapman 1951) t o  e s t i m a t i n g  f i s h  popula t ions  by t a g  and recovery  d a t a  have 
been developed from t h e  p ropor t ion  e s t ima t ion  formula proposed by P e t e r s e n  
(1896). A l l  of t h e s e  approaches a r e  based on t h e  same b a s i c  assumptions. 
With r e s p e c t  t o  t h e  P a c i f i c  mackerel popu la t ion  e s t ima te ,  t h e  more impor- 
t a n t  assumptions include:  (1) t h a t  tagged f i s h  a r e  randomly d i s t r i b u t e d  
throughout t h e  popula t ion ,  and (2) t h a t  e f f o r t  expended i n  ob ta in ing  t a g  
r e t u r n s  is  p ropor t iona l  t o  t h e  d e n s i t y  of t h e  popula t ion  throughout i t s  
range. 
All t agging  estimates r e q u i r e  t h a t  t h e r e  b e  some measure of numbers 
of f i s h  examined f o r  t ags .  For prev ious  P a c i f i c  mackerel e s t i m a t e s ,  t h e s e  
numbers were generated from pa r tyboa l  and f i s h i n g  barge  l o g s ,  and only 
those  t a g s  recovered oh a pa r tyboa t  o r  barge  w e r e  used i n  c a l c u l a t i n g  t h e  
FIGURE 2. C a l i f o r n i a  p a r t y b o a t  c a t c h e s  of P a c i f i c  mackere l ,  1947-1975. 
f i n a l  es t imate .  During 1975, t h e  Southern C a l i f o r n i a  Independent S p o r t f i s h  
P r o j e c t  ~ r o v i d e d  d a t a  f o r  e s t ima t ing  numbers of P a c i f i c  mackerel caught by 
fishermen us ing  ramp and h o i s t  launched p r i v a t e  b o a t s  and r e n t a l  s k i f f s ,  
t hus  i nc reas ing  t h e  d a t a  base  f o r  c a l c u l a t i n g  tagging  e s t ima te s .  Es t imates  
of numbers of P a c i f i c  mackerel landed by commercial f ishermen a r e  no t  very  
a c c u r a t e ,  and only i n  s p e c i a l  c i rcumstances i s  i t  p r a c t i c a l  t o  u s e  t h e s e  
numbers i n  c a l c u l a t i n g  tagging  e s t ima te s .  
Because of t h e  composition of t h e  s p o r t f i s h e r y ,  i t s  p a t t e r n s ,  and t h e  
d a t e  t h i s  r e p o r t  i s  d u e ,  t agging  e s t ima te s  are first c a l c u l a t e d  f o r  t h e  
previous  yea r  ( i n  t h i s  c a s e ,  1975) and t h e n  p ro j ec t ed  f o r  t h e  c u r r e n t  year  
us ing  growth, m o r t a l i t y ,  matura t ion  and age  cornyosition d a t a .  
Severa l  problems e x i s t  w i t h  1975 tagging  d a t a .  R e l a t i v e l y  few P a c i f i c  
mackerel were tagged and r e l e a s e d  dur ing  1975 i n  t ime t o  be a v a i l a b l e  t o  
t h e  s p o r t f i s h e r y .  For t h e  d u r a t i o n  of s u r f a c e  f i s h i n g  a c t i v i t y  of t h e  
f i s h e r y  (gene ra l ly  June  through September),  t h e r e  was l i t t l e  d i s p e r s i o n  
of tagged f i s h .  Only one t a g  w a s  recovered  any apprec i ab le  d i s t a n c e  from 
r e l e a s e  s i t e s ,  and t h e r e  were only two a r e a s  where t a g s  were r e l e a s e d .  
This  l a c k  of randomly d i s t r i b u t e d  tagged f i s h  s e r i o u s l y  hampers e s t ima t ing  
t h e  P a c i f i c  mackerel biomass over  t h e  e n t i r e  range  a f f e c t e d  by t h e  
southern  C a l i f o r n i a  s p o r t  f i s h e r y .  
It was only  p r a c t i c a l  t o  c a l c u l a t e  biomass e s t i m a t e s  f o r  t h e  two 
a reas  where tagged f i s h  were r e l e a s e d ,  t h e  San Diego v i c i n i t y  and Santa  
Monica Bay. Est imates  of t o t a l  numbers of f i s h  f o r  t h e  two a r e a s  were 
616,251 and 7,430,993 r e s p e c t i v e l y  (Addendum 3 ) .  These numbers r e l a t e  t o  
t h e  t o t a l  biomass l e v e l  a t  t h e  end of September 1975. The spawning biomass 
present by summer of 1976 can  be c a l c u l a t e d  by cons ide r ing  9 months mor- 
t a l i t y  and conver t ing  t o t a l  biomass i n  numbers t o  spawning biomass i n  t ons  
by u s e  of age composition (Addendum 21, mean weight at  age,  and matura- 
t i o n  d a t a .  The c a l c u l a t e d  spawing biomasses are 170 and 2,044 tons. 
An a t tempt  was made t o  expand t h e  above e s t i m a t e s  over  t h e  e n t i r e  
range of t h e  sou the rn  C a l i f o r n i a  s p o r t f i s h e r y ,  by us ing  CPUE d a t a ,  
assuming t h a t  CPUE f o r  d i f f e r e n t  a r e a s  would r e f l e c t  r e l a t i v e  d e n s i t y  of 
t h e  P a c i f i c  mackerel popula t ion  i n  those  a r e a s .  Pre l iminary  a n a l y s i s ,  
however, i n d i c a t e s  t h a t  n e i t h e r  pa r tyboa t  CPUE (number of f i s h  per  ang le r )  
nor  p r i v a t e  boa t  CPUE (number of f i s h  per  po le  hour) a r e  adequate  measures 
of P a c i f i c  mackerel d e n s i t y .  I n  f a c t ,  each s e t  of d a t a  shows oppos i t e  
t r ends  between San Diego and Santa  Monica Bay ( ~ i g u r e  3 ) .  
I n  a d d i t i o n  t o  t h e  above e s t ima te s ,  it was p o s s i b l e  t o  make another  
s e t  of c a l c u l a t i o n s  based on t a g  and recovery d a t a .  From November 7 t o  
December 1 2 ,  1975, t h e  Department tagged and r e l e a s e d  3,339 P a c i f i c  
mackerel i n  t h e  v i c i n i t y  of Horseshoe Kelp, 4-5 m i l e s  o u t s i d e  t h e  San . 
Pedro breakwater.  Tag r e c o v e r i e s  began showing up from bo th  Terminal 
I s l a n d  canne r i e s  and San Pedro f i s h  markets  dur ing  t h e  2nd and 3rd weeks 
of December when purse  s e i n e r s  were concent ra t ing  t h e i r  e f f o r t s  i n  t h e  
v i c i n i t y  of Horseshoe Kelp. During t h i s  same per iod ,  Department b io lo-  
g i s t s  were c l o s e l y  monitor ing l and ings  a t  canne r i e s  i n  an  a t tempt  t o  
e s t ima te  numbers of P a c i f i c  mackerel landed and thus  examined f o r  t a g s  
(only landings  f o r  canning, where each f i s h  is  handled s e p a r a t e l y ,  were 
considered)  . B i o l o g i s t s ,  observing j ack  mackerel l and ings ,  es t imated  
t h e  percentage by weight of  P a c i f i c  mackerel o c c u r r i n g  i n  mixed loads. 
These percentages were converted t o  numbers us ing  t h e  average  weight of 
P a c i f i c  mackerel sampled du r ing  t h i s  per iod  and t h e  es t imated  tonnage of 
P a c i f i c  mackerel i n  lnixed loads .  Using t h e s e  d a t a ,  a  t o t a l  biomass i n  
t h e  v i c i n i t y  of Horseshoe Kelp i n  mid-December 1975 was ca l cu la t ed  a t  
772 t ons  (Addendum 3 ) .  
JACK MACKEREL FISHERY DATA 
The only  means a v a i l a b l e  f o r  sampling t h e  P a c i f i c  mackerel popula- 
t i o n  f o r  age composition on a  cont inuing  b a s i s  is  by c l o s e l y  monitor ing 
FIGLJXE 3 .  P a c i f i c  mackerel monthly  c a t c h  p e r  u n i t  of e f f o r t  (CPUE).for 
s o u t h e r n  C a l i f o r n i a  p a r t y b o a t s  (nunber  of f i s h  caught  p e r  angle]  
and p r i v a t e ' b o a t s  ( n u ~ b e r  of f i s h  c a u g h t  p e r  p o l e  hour )  f o r  
summer and f a l l  o f ' 1 9 7 5 .  
I t h e  j a c k  mackerel landings .  P a c i f i c  mackerel,  l i k e  t h e  Pac i f i c  s a r d i n e ,  
I 
I Sardinops sajux caemZeus, a r e  known t o  school  w i t h  j ack  mackerel and 
I a r e  found mixed i n  some j a c k  mackerel landings .  The C a l i f o r n i a  Department 
I 
1 .  of F i sh  and Game p r e s e n t l y  employs two methods f o r  keeping account of t h e  
I 
I l andings  of i n c i d e n t a l  s p e c i e s  (p r imar i ly  s a r d i n e s  and P a c i f i c  mackerel) 
I which a r e  mixed w i t h  j a c k  mackerel landings .  K l ingbe i l  (1976) o u t l i n e s  
I 
1 t h e s e  methods, d i s c u s s e s  t h e i r  l i m i t a t i o n s ,  and d e s c r i b e s  how t h e  r e s u l t -  
l i ng  d a t a  can be used i n  an  assessment of i n c i d e n t a l  s p e c i e s  landed.  
1 
1 The major assumption f o r  an assessment of  t h i s  type  is t h a t  t h e r e  
I 
I i s  an observable  and measurable r e l a t i o n s h i p  between t h e  two s p e c i e s  
1 being compared. Th i s  assessment a l s o  is  dependent on e s t i m a t e s  of j a c k  
I 
I mackerel r e sou rce  s i z e  and assumes t h a t  t h i s  r e sou rce  has  not  f l u c t u a t e d  
I g r e a t l y  i n  r e c e n t  yea r s .  Knaggs (1973) i nd ica t ed  t h a t  t h e  t o t a l  popu- 
I 
1 .  l a t i o n  of j ack  mackerel a v a i l a b l e  t o  roundhaul f ishermen o f f  southern  
C a l i f o r n i a  was i n  t h e  range of 0.7 t o  1 . 5  m i l l i o n  tons .  By cons ide r ing  
t h e  pe rcen t  tonnage of P a c i f i c  mackerel landed wi th  j ack  mackerel i n  1975, 
a t o t a l  biomass range of 9,762 t o  20,918 tons  was c a l c u l a t e d  f o r  P a c i f i c  
mackerel (Addendum 4 ) .  Th i s  range  only  r e l a t e s  t o  t h a t  p o r t i o n  of t h e  
P a c i f i c  mackerel popu la t ion  t h a t  is  found school ing  w i t h  jack  mackerel 
of f  southern  C a l i f o r n i a  and r e l a t e s  t o  a mean biomass l e v e l  dur ing  1975. 
The t o t a l  biomass range was updated t o  J u l y  1, 1976, spawning bio- 
mass by cons ider ing  t h e  m o r t a l i t y  (Z = 0 .5 ,  assuming no f i s h i n g  m o r t a l i t y ;  
MacCall, C a l i f o r n i a  Dept. F i sh  and Game, pe r s .  commun.), l e n g t h  frequency,  
length-weight,  age composition, and growth d a t a  (Addendum 5) .  The spawn- 
ing  biomass range c a l c u l a t e d  f o r  J u l y  1, 1976, is  5,289 t o  11,333 t o n s ,  
p lus  35 t o  45% of 1 year  o l d  f i s h  (1975 year  c l a s s ) .  The impact t h e  
1975 year  c l a s s  w i l l  have on t h e  spawning biomass i s  undeterminable 
a t  t h i s  t ime. 
SUIvSMARY AND CONCLUSIONS 
Assessments of t h e  P a c i f i c  mackerel popu la t ion  were made employing 
t a g  and recovery d a t a  and j a c k  mackerel f i s h e r y  d a t a .  Es t imates  of 
biomass from t a g  and recovery d a t a  could no t  b e  made over t h e  e n t i r e  
range of t h e  s p o r t f i s h e r y  because t h e  tagged f i s h  f a i l e d  t o  d i s p e r s e .  
Never the less ,  t h e  e s t i m a t e s  do i n d i c a t e  a n  increased  biomass l e v e l  f a r  
1976. The number of f i s h  es t imated  t o  be  i n  Santa  Monica Bay i n  Septem- 
be r  1975, would y i e l d  a spa3ming biomass of 2,00U tons  by  the  Yummer of 
1976. Th i s  compares w i t h  e s t i m a t e s  by Knaggs and Sunada (1975) of 600 
t o  l e s s  t han  3,000 tons  of t o t a l  spawning biomass i n  1975. Ana lys i s  of 
t h e  occurrence of P a c i f i c  mackerel mixed w i t h  j a c k  mackerel l and ings  re- 
s u l t e d  i n  an  es t imated  spawning biomass r ange  of 5,000 t o  11,000 t o n s  by 
t h e  summer of 1976. This  range  seems r e a l i s t i c  t o  t h e  Department even 
though t h e  v a l i d i t y  of t h e  assumptions regard ing  t h i s  e s t i m a t e  a r e  
ques t ionzble  . 
Monitoring of t h e  commercial and s p o r t f i s h  c a t c h  has a l s o  produced 
evidence of an i n c r e a s e  i n  biomass. Age composi t ion of 1975 c o m e r c i a l  
satxples and l eng th  f r equenc ie s  of commercial and s p o r t  caught f i s h  in- 
d i c a t e  a succes s fu l  spawn i n  1974. The r e s u l t a n t  year  c l a s s  r e p r e s e n t s  
70% of a l l  f i s h  sampled i n  1975. During 1975 t h e r e  was an i n c r e a s e  i n  
par tyboat  landings  of P a c i f i c  nacke re l  and i n  t h e  frequency of occurrence  
of P a c i f i c  rcackerel i n  j ack  mackerel l and ings .  A l l  a v a i l a b l e  d a t a  i n -  
d i c a t e  an  upward t rend  i n  P a c i f i c  mackerel biomass. However, i f  t h i s  
t r end  i s  t o  be sus t a ined ,  more s u c c e s s f u l  spawnings a r e  needed. Although 
t he  1975 year  c l a s s  has appeared i n  l and ings  t h i s  s p r i n g ,  it  i s  t o o  e a r l y  
t o  determine i t s  r e l a t i v e  s i z e  o r  t h e  impact i t  w i l l  have on t h e  spawn- 
ing biomass. 
I We f e e l  t h a t  t h e r e  Elas been a marked i n c r e a s e  i n  t h e  spawning biomass 
I 
I of P a c i f i c  mackerel  i n  t h e  l as t  y e a r ,  b u t  t h a t  t h i s  i n c r e a s e ,  as y e t ,  
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ADDENDUM 1 -. 
S e c t i o n s  of  C a l i f o r n i a  F i s h  and Game Code 
P e r t a i n i n g  t o  p a c i f i c  Mackerel 
I 
I 8388. Except as provided i n  S e c t i o n  8388.5, P a c i f i c  mackerel  may 
I 
I n o t  be  taken  o r  possessed  a t  any t ime f o r  any purpose except  l o a d s  o r  
I l o t s  of f i s h  may c o n t a i n  18 pe rcen t  o r  l e s s  by weight of P a c i f i c  niackerel 
I 
I t aken  i n c i d e n t a l l y  t o  o t h e r  f i s h i n g  o p e r a t i o n s .  Such P a c i f i c  mackerel ,  
I 
I i n c i d e n t a l l y  taken ,  may be  used f o r  any purpose.  (Amended by S t a t s .  
I 
1 1972,  Ch. 608).  
I 
I 8388.3. It i s  t h e  i n t e n t  of t h e  L e g i s l a t u r e  t h a t  t h e  P a c i f i c  
I mackerel r e s o u r c e  be  enhanced. During t h i s  p roces s  a f i s h e r y  s h a l l  be 
I 
I 
I allowed once t h e  P a c i f i c  mackerel  s p a ~ m i n g  popu la t ion ,  i n  wa te r s  n o r t h  
I of Punta Eugenia,  Eaja C a l i f o r n i a ,  Mexico, has  reached 10,000 t o n s  a s  
I 
I determined by the Department. Such de t e rmina t ion  s h a l l  be  made p u b l i c  
i n  an  annual  r e p o r t  t o  t h e  L e g i s l a t u r e  no l a t e r  t han  J u l y  31 of each  yea r .  
It i s  a l s o  t h e  i n t e n t  t h a t  as t h e  spaiming popu la t ion  i n c r e a s e s ,  i n  excess  
of 20,000 t o n s ,  t h e  s easona l  quota a l s o  be  inc reased  b u t  a t  such a r a t e  
a s  t o  allos.7 t h e  cont inued i n c r e a s e  i.n t h e  P a c i f i c  mackerel  popula t ion .  
This  p roces s  should con t inue  s i t h  t h e  o b j e c t i v e  of maximizing t h e  s u s t a i n e d  
h a r v e s t .  (Added by S t a t s .  1 9 7 2 ,  Ch. 608.) .  
8388.5. S e c t i o n  6388 sha3 1 r e ~ l n i n  i n  c i f e c t  u n t i l  t h e  1)epartr:eni 
de te rmines  t h a t  t h e  e s t ima ted  P a c i f i c  rnackerel spawning popu la t ion ,  i n  
waters  n o r t h  of Yunta Eugenia,  Raja C a l i f o r n i a ,  Mexico, exceeds 10,000 tons .  
When t h e  Department makes t h i s  de te ro l ina t ion ,  a season  h a r v e s t  quota  equal  
t o  20 percent  of t h e  amount of P a c i f i c  maclccrel i n  excess  of 10,000 t o ~ i s  
spawning popu la t ion ,  as dztermined by t h e  Department, s h a l l  be permi t ted  
under pe rmi t s  i s s u e d  by t h e  Department. 
When t h e  Department de te rmines  t h a t  t h e  spawning popu la t ion  exceeds 
20,000 t o n s ,  t h e  h a r v e s t  quota  s h a l l  be i nc reased  t o  30 pe rcen t  of t h e  
excess over 20,000 tons. 
The Department s h a l l  keep records  of t h e  c a t c h  of P a c i f i c  mackerel 
and when i t  appears t h a t  t h e  season quota w i l l  be reached, i t  s h a l l  
n o t i f y  a l l  permit holders  of t h e  d a t e  when such l i m i t  will be reached 
and the re fo re  t h e  season c losed,  and s h a l l  n o t i f y ,  by c e r t i f i e d  mai l ,  
a l l  permit holders  of such c losure .  (Added by S t a t s .  1972,  Ch. 608.). 
8388.7. Subject t o  t h e  provis ions  of Sect ions  8388 and 8388.5, 
P a c i f i c  mackerel season i s  from October 1 through September 30. 
(Added by Sta ts .  1972 ,  Ch. 608.). 
Age Composition and ~ e i ~ t h  Frequency of 
Pacific Mackerel Sampled from 1975 Commercial Catch. 
Fork 
Length (mm) Year Class 
1974 1973  1972 1 9 7 1  1970  1969 1968  Unreadab le  Total 
260-64 I - - - - - - - 1 
- 16 - 
ADDENDUM 2-contd. 
Fork 
length  Year Class  
(m> 1974 1973 1972 1971 1970 1969 1968 Unreadable To ta l  
415-19 - - 2 - - - - 1 3 
- - - -- - - - 
Totals  212 7 2  10 1 0 4 1 5 5 355 
Percentage 
of readable  
o t o l i t h s  70.7 24.0 
P a c i f i c  mackerel were aged u s i n g . o t o l i t h s  c o l l e c t e d  from f i s h  sampled dur- 
ing t h e  per iod  August t o  December 1975. Three r e a d e r s  read a l l  o t o l i t h s  
separa te ly  without t h e  a v a i l a b i l i t y  of l eng ths .  The r e s u l t a n t  age composition 
(above) was c o l l a t e d  from only those  o t o l i t h s  f o r  which a t  least two readers  
agreed. U n r e d a b l e  o t o l i t h s  a r e  those  f o r  which t h e r e  i s  no agreement. The 
percentage of agreement between t h e  t h r e e  readers  i s  75.9%, 44.7%, 53.0%. The 
t h r e e  readers are E r i c  H .  Knaggs, John E. F i t c h ,  and Richard A .  Klingbei l .  
ADDENDUM 3 
Est imates  of T o t a l  and Spawning Biomasses 
from Tag and gecovery Data 
I. T o t a l  number of P a c i f i c  mackerel c a l c u l a t e d  us ing  t a g  and recovery  
d a t a  (Schnabel Formula) f o r  Santa  Monica Bay and San Diego v i c i n i t y  
a t  end of September 1975. 
a .  N = Cm(u + r ) / C r ,  
where : N = es t ima te  of numbers of f i s h .  
m = # of tagged f i s h  a v a i l a b l e  t o  be caught .  
u = I? of f i s h  examined f o r  t a g s  (estimated from 
barge  and pa r tyboa t  l o g s  and p r i v a t e  boa t  sampling).  
r = of t a g  r e t u r n s .  
% 
b .  Assumptions not  mentioned i n  t e x t :  
(1) No tagging  m o r t a l i t y ,  a l l  tagged f i s h  a r e  a v a i l a b l e  
t o  spor t s f i shermen.  
(2) Values f o r  m, u ,  r a r e  developed over  a 1 month per iod  
of t ime and each month r e p r e s e n t s  one sample. 
c .  Data 
Santa Monica Bay San Diego v i c i n i t y  
m r u m r u 
J u l y  608 3 19,258 152 2 42,621 
August 605 1 27,350 200 12 18,458 
September 604 1 14,729 215 6 . 10,003 
d.  Es t imate  
Santa  Monica Bay N = 7,430,993 f i s h  
San Diego v i c i n i t y  N = 616,251 f i s h  
11 T o t a l  Biomass (numbers) September 1975 t o  t o t a l  biomass (numbers) 
J u l y  1976. 
a )  Appl ica t ion  of 9 months n a t u r a l  m o r t a l i t y  CM = 0.5,  assuming 
no f i s h i n g  m o r t a l i t y ,  MacCall, C a l i f o r n i a  Dept. F i s h  and Game, 
p e r s  . commun . ) . 
where : Nt = numbers of f i s h  on July 1, 1976. 
N = numbers of f i s h  i n  September 31, 1975. 
0 
M = n a t u r a l  m o r t a l i t y  c o e f f i c i e n t  (0.5). 
t . = t ime i n  y e a r s  = 9 months (0.75). 
e = base  of n a t u r a l  l oga r i t hms .  
b) Es t imate  
San ta  Monica Bay San Diego v i c i n i t y  
Nt = 5,107,241 Nt = 423,543 
111. T o t a l  biomass (numbers) 1976 t o  spawning bionlass (numbers) 1.976. 
a) T o t a l  numbers t o  n m b e r s  a t  age  by u s i n g  age  composi t ion of 
1975 commercial l and ings  (Addendum 2) . 
T o t a l  Numbers a t  Age 
Year c l a s s  Pe rcen t  San ta  Monica Eay - San Diego v i c i n i t y  
1975 0 
b) T o t a l  numbers a t  age  t o  spawning n u ~ b e r s  a t  age  by u s i n g  , 
matu ra t ion  a t  age  d a t a  ( P a r r i s h ,  manuscr ip t ) .  
-. Numbers Mature a t  Age 
Year c l a s s  - Percen t  mature  San ta  Monica Eay San Diego v i c i n i t y  
1975 35 t o  -453; - - 
Spawning Biomass (numbers) = 4,129,664 342,473 
* es t ima ted  from formula ( P a r r i s h  manusc r ip t ) ,  p r o p o r t i o n  mature a t  
age  1 = 0.54e (-0~0000071709) ( t o t a l  biomass i n  1 ,000 ' s  of l b s . ) .  
I V .  Spawning biomass (numbers) 1976 t o  spawning biomass ( tons)  1976. 
a. Mean l e n g t h  and mean weight  a t  age  f r o m  Knaggs and P a r r i s h  
(1973). 
Year c l a s s  
-- - A*= Fork  l e n g t h  a t  age Mean weight  a t  age -- 
1975 1 273 m 0.56 l b s  
1974 2 308 m 0 ;84  l b s  
1973 3 336 mm 1.13 l b s  
1968 t o  1972 4+ 396 mn* 1.98 lb s*  
* es t ima ted  from t h e  f i s h  of t h e s e  yea r  c l a s s e s  t h a t  were sampled 
du r ing  1975. 
b. (numbers spawning a t  age)  (mean weight  a t  age)  = 
---- --- 
2000 
.: t o n s  spar..!zling at age 
Tons spawning a t  age  
Year c l a s s  
-- 
Age 
- S a n t a  ?,lonica Bay San Diego v i c i n i t y  -- 
1975 1 - - 
1968 t o  ,1972 4+ 2G8 2 2 
Spawning bioxass* ( tons )  2, 04L:" 170" 
* p l u s  35 t o  45% of 1375 yezr c l a s s .  
V. Total. biomass of Pacj-f ic  mackerel  i n  v i c i n i t y  of IIorseshoe Kelp 
i n  mid-D~ceniber 1975 ,  from t a g  and recovery  d a t a  (Schnabel f orr.lula) . 
wher c : m = number of t a g s  r e l e a s e d  and a v a i l a b l e .  
u = number of f i s h  examined f o r  t a g s  (from e s t i m a t e s  
of tonnage of P a c i f i c  mackerel landed i n  mixed 
l o a d s  and mean weight of f i s h  saxp led ) .  




December 8-10 2,536 1 6  16,684 
December 15-18 3,274 56 23,528 
N = 1,660,628 f i s h  
Average  eight of f i s h  sampled = 0.93 l b s .  
T o t a l  Biomass = 772 tons  , 
C a l c u l a t i o n  of T n t a l  Biomass Range of P a c i f i c  Xackcrel  t h a t  a r e  Found Schooling w i t h  J a c k  Mackerel - 1975.  
Nus:ber of No. of l a n d i n g s  Kurnber of 
*Est imat ion of t o n s  j ack  mackerel  Tons of checkcd f o r  Tonnage of l a n d i n g s  
cannery j ac;: s a c k e r e l  i n c i d e n t a l  j a c k  rcackerel  c o n t a i n i n g  of P a c i f i c  mackerel  
landed Month l and ings  Lanced' s p e c i e s  checked P a c i f i c  mackerel  . 
January 3 i31 .2  2 62.5 0 - 
February 5 2 1,226.5 43  972.5 16 3.920 
I:ay 
Jur,e 






T o t a l s  5 4 4  -;5,702.L 3 6 6  10 ,618.1  147 1L8.025 
10'61s'1 - 0.676 - f r a c t i o n  of tonnage landed whtch were checked f o r  i n c i d e n t a l  s p e c i e s .  
' 
i5,7U2.4 
148.C25 - 218.972 = e s t i n a t e  of tons  of P a c i f i c  mackerel  1end.cd assuming t h e r e  was t h e  same pe rcen tage  f o r  l a n d i n g s  
.676 t h a t  were no: checked. 
2 '8 '972 0.0139 - e s i i n a t e  of f r a c t i o n  of j a c k  mackerel  c a t c h  f o r  1975 t h a t  c o n s i s t s  of P a c i f i c  mackerel .  
: 5 ,702 .4  
6 6 (.7 x 10 ) (0.0139) - 9,762 t o n s  = e s t i m a t e  of biomass of P a c i f i c  mackerel  found schoo l ing  w i t h  .7 x 1 0  t o n s  of 
j a c k  mackerel .  
6 (1 .5  x lo6) (0.0139) - 20,918 :02s - e s t i o a t e  of bionlass of P a c i f i c  mackerel  found schoo l ing  w i t h  1.5 x 10 tons  of 
j ack  mackerel .  
* Trace occurrences  of P a c i f i c  x a c k e r e l  were conver ted t o  tonzlaze by gssuming t h a t  they  accounted f o r  1 /200 of the  
weight ianded. 
C a l c u l a t i o n  of P a c i f i c  Mackerel Spawning Biomass kange  
fo r  J u l y  1, 1976 from T o t a l  Biomass Range f o r  1975 
(Addendum 4) 
I 
I ' I. Biomass ( tons)  to  biomass (numbers) 
I a. T o t a l  Biomass ( tons )  Range 1975 = 9,762 - 20,918 t o n s  
I * 
1 biomass( tons)  /x weight of f i s h  .= biomass (numbers) 
* Mean weight  of f i s h  sampled i n  p a r t y b o a t  c a t c h  i n  J u l y  1975, 
c a l c u l a t e d  from l e n g t h  frequency (F igu re  l), and Knaggs 
and P a r r i s h  (1973) length-weight  curve .  2 weight  = 402.59 
gms = 0.887 l b s .  
b. T o t a l  bi,omass (numbers) r ange  1975 = 22,011,000 - 47,166,000 
f i s h  
I 11. T o t a l  biomass (numbers) 1975 t o  t o t a l  biomass (numbers) 1976. % 
a. A p p l i c a t i o n  of  1 y e a r  of n a t u r a l  m o r t a l i t y ,  (M = 0.5,  MacCall, 
p e r s .  comun. )  assuming no f i s h i n g  m o r t a l i t y .  
Nt = Noe -Mt ( s e e  Addendum 3) 
b.  T o t a l  biomass (numbers) r ange  1976 = 13,207,000 - 28,300,000 
f i s h  
111. T o t a l  biomass (nuxbers) 1976 t o  spawning biomass (numbers) 1976 
a. T o t a l  nunbers  t o  numbers a t  age by us ing  a g e  composi t ion of 
1975 commercial l and ings  (Addendum 2 ) .  
Year class 
-
Percen t  
-- ------- T o t a l ' n u ~ b e r s  (range) --- a t  aye  
1975 0 - 
1974 70.7 9,337,343 t o  20,008,100 
1973 24.0 3,169,680 t o  6,792,000 
1968 t o  1972 5.3 699,971 t o  1,499,900 
b'. T o t a l  numbers a t  age  t o  spawning numbers a t  a g e  by us ing  
ma tu ra t ion  a t  age  d a t a  ( ~ a r r i s h ,  manuscr ip t ) .  
Year c l a s s  pe rden t  mature Numbers mature  (range) a t  a g e  
1975 35 t o  45" - - 
1973 88 2,789,318 t o  5,976,360 
1968' t o  1972 100 699,971 t o  1,499,900 
Spawning biomass (nunbers) Rznge = 10,679,048 t o  22,883,097 
- 2 2 -  
* e s t i n a t e d  f rora f or-mula ( P a r r i s h  manuscr ip t )  , p r o p o r t i o n  mature 
(-O.CO0007109) ( t o t a l  biomass i n  1,000's of I b s ) .  
a t  age 1 = 0.54e 
I V .  Spawning bicrnass (numbers)  1976 to spawning biomass ( t ons )  1976. 
a .  Mean l e n g t h  and nean weight a t  a g e  f r s m  Knaggs and P a r r i s h  
(1973). 
Fork l eng th  Yean weight 




1975 1 273 mrn 0.56 l b s  
1974 2 308 ma 0.84 l b s  
1973 3 336 :ax 1 .13  l b s  
1963 t o  1 9 / 2  L1-;- 396 1~~;:; 1 .98  I b s *  
* e s t i n u t e d  frcm t h e  Eish of these  year  classes sampled d u r i n g  
1975. 
b. (numbers spawni-ng at a z e )  (ncan w e i g h t  at a a e )  == t o n s  spawning 
--- --------- --- ---LC_ 
2000 
at age.' 




Tons spawnin% (range) a t  age 
-- - -- - -- - . -- -- -- 
1975 1 - - 
Spawning biomass  ( t ons )  5,289* to 11,333* 
Range* J u l y  1, 1976 
*. plus 35 to 45% of 1975 year class. 
